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―Interband-Transition-Suppressed Multi-Mode Matching (ITS-MMM)‖的等离激元
非线性纳米结构设计思路。基于以上设计思路，我们获得了γ𝐸𝐹约为 1300 的具有




























Plasmon-Enhanced Second-Harmonic Generation (PESHG) is of interest to a wide 
application region, ranging from ultrahigh spatial resolution techniques, high-efficient 
nonlinear devices, all optical modulation and switching as well as metamaterials. 
Renewed interest comes from recent advances that allow PESHG to be ultrasensitive 
to near-field coupling effects and to realize the optical shape characterization with the 
ultrahigh spatial resolution. Although PESHG achieves significant progresses in 
recent years, there are still many unsolved major scientific issues. For example, how 
to experimentally introduce PESHG to realize nonlinear nanorulers that are capable of 
accomplishing the detection of the nanoscale distance change with the ultrahigh 
spatial resolution; how to explain the physical mechanism of PESHG within these 
multiresonant metallic nanostructures, especially in the visible to near-ultraviolet 
wavelength region, how to quantitatively evaluate the influence of 
interband-transition dominated effects and plasmon-enhanced phenomena on PESHG 
performances; how to explain the physical mechanism of PESHG within these hybrid 
nanostructures that combine nonlinear dielectrics with plasmonic metals, especially 
for the factor of the spatial overlap between the near-field enhancement and the 
nonlinear dielectric, which plays the key role for the design of high-efficient PESHG 
platforms. Meanwhile, it has great scientific significance and practical application 
value to explore the physical mechanism and the application region of PESHG in 
different systems, and thus largely improve the conversion efficiency and detection 
sensitivity of PESHG. To cure the above involved problems in PESHG, we 
experimentally and theoretically studied PESHG properties of metallic nanostructures 
and hybrid metallic/nonlinear dielectrics systems.  
The thesis is divided into five chapters. In the first chapter, the purpose and main 
tasks of this work were proposed after reviewing the basic theory and the research 

















progress of PESHG techniques. In the second chapter, methods of experimentally and 
theoretically characterization of samples were basically described. In the third chapter, 
through introducing Au@SiO2 (core@shell) shell-isolated nanoparticles, we strived to 
maneuver electric-field-related gap modes such that a reliable relationship between 
PESHG responses and gap sizes, represented by ―PESHG nanoruler equation‖, could 
be obtained. In the fourth chapter, we proposed and constructed 3D metallic 
mushroom arrays (MA) for serving as an efficient PESHG platform, and thus 
demonstrated a rule, namely, ―interband-transition-suppressed multi-mode matching 
(ITS-MMM)‖ to quantitatively investigate the influence of interband-transition 
dominated effects and plasmon-enhanced phenomena on PESHG performances. In the 
fifth chapter, we designed and fabricated hybrid ZnO-covered silver-bowl arrays 
(HZSBAs) and hybrid silver-ZnO cavity arrays (HSZCAs), which could serve as an 
efficient platform for PESHG, and then systematically discussed the influence of the 
spatial overlap between the near-field enhancement and the nonlinear dielectric on the 
physical mechanism of PESHG in these hybrid systems. 
The innovative points and key research results are as follows:  
1. We designed nonlinear nanorulers that were capable of accomplishing 
approximately 1-nm resolutions by utilizing the mechanism of PESHG. Through 
introducing Au@SiO2 (core@shell) shell-isolated nanoparticles, we strived to 
maneuver electric-field-related gap modes such that a reliable relationship between 
PESHG responses and gap sizes, represented by ―PESHG nanoruler equation‖, could 
be obtained. Additionally validated by both experiments and simulations, we had 
transferred ‗hot spots‘ to the film-nanoparticle-gap region, ensuring that retrieved 
PESHG emissions nearly exclusively originate from this region, and were 
significantly amplified. The PESHG nanoruler could be potentially developed as an 
ultrasensitive optical method for measuring nanoscale distances with higher spectral 
accuracies and signal-to-noise ratios. 
2. We demonstrated a rule, namely, ―interband-transition-suppressed multi-mode 
matching (ITS-MMM)‖, which overcome adverse effects of noble-metal interband 

















frequencies, to prompt efficient SH emissions in the near-ultraviolet region. Through 
constructing three-dimensional metallic mushroom arrays that featured co-coupling 
between propagating surface plasmon polaritons and localized surface plasmon 
resonances, we could achieve an enhancement of approximately 1,300 when 
noble-metal interband transitions are notably suppressed. Our work paves the 
foundation for further understanding the mechanism of plasmon-enhanced nonlinear 
phenomena, and provides a general ruler for designing efficient PESHG systems 
3. We designed and fabricated hybrid ZnO-covered silver-bowl arrays (HZSBAs) and 
hybrid silver-ZnO cavity arrays (HSZCAs), which could serve as efficient platforms 
for PESHG. Validated by experiments and simulations, in the case of HZSBAs, we 
demonstrated that the high spatial overlap between the near-field enhancement and 
the ZnO film played the key role for this nanostructure-based PESHG process. The 
enhancement mainly originated from the fundamental wavelength-derived plasmon 
resonance, providing an enhancement factor of approximate 33 times; in the case of 
HSZCAs, we exhibited that the optimization of the spatial design about localized 
surface plasmon resonances (LSPRs) originated from silver nanopartices and ZnO 
cavity units played the key role in hybrid-nanostructure-based PESHG processes. The 
enhancement stemmed from the co-cooperation effect of dipole and quadrupole 
coupling modes of single silver nanoparticle, respectively, at the fundamental and 
harmonic frequency. These results achieved pave the way for future applications, 
which require localized light sources at nanoscale. 
 
Keywords: Surface plasmons (SPs); Second-harmonic generation (SHG); Surface 
































对其中蕴含的内在机制却仍然无从得知。直至 1908 年，Mie 通过求解 Maxwell
方程组，才从解析的角度得到了球形纳米颗粒的吸收和散射等光学特性表达式[7]，
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